The present paper deals with the representative locations, which alone can be related to mortality rates. Hoylake has not been included with these but considered as a special Merseyside site because many of the residents travel to Liverpool or Birkenhead to work or have retired after working there, and their death rates cannot be fairly related to the local atmospheric conditions. The results from the alternative and special sites have been reported upon in a separate paper (Stocks, Commins and Aubrey, 1960 (Stocks, 1959) . This has now been extended by addition of more towns, using a more adequate social index, and a similar study has been made of Greater London.
The main purposes of this paper are (1) to establish more firmly the association between smoke and mortality from lung cancer and respiratory disease, and (2) to ascertain which of the polycyclic hydrocarbons and which of the trace elements are concerned in this.
Evaluation of 8mok-e and polycyclic hydrocarbons in air
The amount of smoke per cubic metre of air is estimated from a direct photometric measure of the blackness of the circular portion of known area of the filter paper through which a measured volume of air has been drawn by a pump operating continuously for a suitable period. At the end of the period, which may be a week in a highly urbanised district or a month in a rural district, the paper is changed and the results from all the filter papers throughout a year are aggregated when an annual average is required. The Table 111 , and this may be of some importance, quite apart from the absolute concentration in air, but such figures are subject to the errors mentioned above which affect the denominators of the proportions. Sources of error which might depress correlations between amounts of hydrocarbons and mortality rates or social factors include analytical errors, instability of some of the substances leading to partial loss by complex processes such as oxidation or evaporation during the interval between collection of a sample and its analysis, and faults in obtaining representative samples by the choice of sites for the filters. Concerning the analytical technique a modification of this was introduced (Commins, 1958) and applied in 1958-59, but all data used in this paper from previous years have been corrected to allow for the effects of this. As to stability, pyrene and fluoranthene are less stable than 3 : 4 benzopyrene and I : 12 benzoperylene and if changes occurred more rapidly in samples from sonie areas than in samples from elsewhere, correlations between amounts of these substances and mortality rates might be depressed rather more than was the case for the other hydrocarbons. Some internal evidence on this point is provided by the inter-correlations between recorded amounts of the 4 hydrocarbons in the air of 26 localities at the head of Another possibly important source of error NN-as the reliance on a single instrument site to measure the average air conditions to which the population of the district surrounding it wa-s exposed in the course of a year. A study of this, problem has been made in Sheffield, where it was found that when any 8 instruments were chosen to assess the average smoke concentration to which the whole of the population in the city was being exposed, the mean of the 8 had a coefficient of variation of about 10 per cent (Clifton et al., 1959 (Table IV) is evident from the fact that this figure is reduced to 0-327 when smoke density is held constant. Population per acre is not, therefore, a good measure of nonatmospheric social conditions since it is so closely linked with smoke density that to hold it constant for 2nd order correlations over-corrects for the social factors.
It was used in a previous study of towns (Stocks, 1959) A social factor which is related indirectly with density of population and directly with lung cancer incidence is the amount of cigarette smoking, and it is not possible to correct for this since complete data are lacking, but its importance in the North Wales and Merseyside region has been measured by actual enquiries into tobacco smoking histories of hospital patients. Lung cancer mortality in heavy smokers was found to differ little in urban and rural areas, in medium cigarette smokers the urban/rural ratio was about 1I and in light smokers about 21 (Stocks, 1958a) . The effect of actually correcting for differences in smoking habits between North Wales and Liverpool was to reduce the urban/rural ratio for lung cancer rates in men from 2-4 observed to 2-1, and for smaller towns the effect was less than this (Stocks, 1955) . A sampling enquiry by the Tobacco Manufacturers' Standing Committee (1959) showed that the average daily consumpton of packeted cigarettes per adult in 1956 was 9 in rural districts, 9-6 in London and about 11 in other large towns. Applying these to the regression graphs of lung cancer mortality on number of cigarettes smoked in the same kind of area, the rate in large towns might be enhanced by about 20 per cent because of this difference. As a test of the effect this could have on the correlation between lung cancer rates and smoke density the S.M.R.'s in Table III were reduced to that extent for the 8 towns of over 100,000 population and the resulting coefficient was 0-72 instead of 0-87, the uncorrected figure. The coefficients of 0-52 in 30 county boroughs (Table XIII) (Table IV) held constant the correlations of other cancer with zinc, manganese and lead disappear but the coefficient with vanadium remains significant (Wyers, 1946; Sjoberg, 1950 Sjoberg, , 1956 
